INTRODUCTION
The enormous interest demonstrated in the last few years for the research in electronically conducting polymer based on organo-inorganic hybrid material is mainly due to the large number of potential technological applications such as rechargeable lithium batteries, super capacitors, electro-optical displays, shielding for electromagnetic radiations, antistatic packages and conductive coatings [1] [2] [3] . In addition, some transition metals in their highest oxidation state can form metal-oxygen cluster anions, usually known as polyoxometalates. They have been extensively studied from a molecular and structural point of view and for their significance in different fields such as electrochemistry, materials science, and photocatalysis either as homogeneous catalysis or supported onto polymers [4] [5] [6] [7] . More significantly, the doping of polymers with highly electroactive polyoxometalates in order to achieve high p-type polaronic conductivity is a very exciting subject. Related to that, Gomez-Romero, Otero and their co-workers have successfully incorporated inorganic cluster anions into polymer matrix [7, 8] . Among the most conducting polymers, Poly(3,4-Ethylene Dioxythiophene) (PEDOT) is the most attractive one as it has been reported to exhibit greatly enhanced stability and to be more ''environment friendly'' compared to polypyrrole and polyaniline [10] . Therefore, it has been attracting growing interest for applications in supercapacitors and lithium ion batteries [11] . Our recent work demonstrated the successful inclusion of PEDOT within the interlamellar gap of the V 2 O 5 host material, leading to enhanced conductivity and bi-dimensionality; therefore, the resulting hybrid material is a highly promising cathode material for rechargeable lithium batteries [12, 13] . In this context our aim was to incorporate the following [PMo 12 O 40 ] 3À polyoxometallate, which is highly electroactive, into a PEDOT polymer matrix, with the specific purpose of studying the corresponding hybrid material in its novel function as a conductive insertion electrode for lithium batteries.
For sake of clarity, in the present paper we will solely report the synthesis and characterization of this hybrid molecular material.
EXPERIMENTAL
3,4-Ethylene Dioxythiophene (EDOT) purchased from Bayer AG (Germany) and phosphomolybdatic acid (H 3 PMo 12 O 40 ) x H 2 O from Loba Chemi (India) were used after further purification. All experiments were conducted with double distilled water. In order to synthesize the hybrid material, 1 ml of pure EDOT was first added to 5 g of solid phosphomolybdic acid (H 3 PMo 12 O 40 ). Then, the two reagents were intimately mixed by vigorous magnetic stirring. The reaction was evidenced by the formation of a paste whose bluish black color accounts for the reduction of the anion concomitant with the oxidation of EDOT. 50 ml of water was added afterwards, and the mixture was bubbled with oxygen for at least 28 h with magnetic stirring. Finally a bluish black fine precipitate of phosphomolybdate doped polymer hybrid [PEDOT=PMo 12 ] was obtained, filtered, and dried under dynamic vacuum. Fourier transformed infrared spectroscopy spectra were recorded from pressed KBr pellets using a Perkin-Elmer Spectrum-2000 FT-IR Spectrometer. Electronic conductivity measurements were made, by using a four probe conductivity method, on samples in pellet form (1 cm diameter, 0.1 cm thickness) compacted at 5 t=cm 2 . Scanning electron microscopy (SEM) images were taken on a Philips XL-30 microscope after mounting samples on Al stubs with gold coatings. Figures 1(a) and 1(b) show the FTIR spectra of the phosphomolybdic acid and of the chemically synthesized PEDOT=PMo 12 hybrid material respectively. The assignment of the bands is reported in Table I . The bands in the range 787-1100 cm À1 , observed in Figure 1 (a), correspond mainly to PMo 12 [15] . Figure 1(b) shows the bands in the region 1100-1470 cm À1 characteristic of the PEDOT polymer; the asterisks mark the peaks assigned to PMo 12 . There are clearly significant changes for some bands of the PMo 12 anion anchored in the polymer matrix compared to those of the free acid (Table I ). The main changes occur for the MoÀ ÀOÀ ÀMo vibrations, which involve the basic oxygens concerned in the protonation of the anions. The characteristic MoÀ ÀOÀ ÀMo (corner shared) band shifts to lower frequencies in the hybrid whereas the MoÀ ÀOÀ ÀMo (edge shared) band shifts to higher frequencies. This points to a strong change in the environment of the PMo 12 anion dispersed in the polymer matrix, where it would be surrounded by the more polarizable organic polymer cations.
RESULTS AND DISCUSSION
The chemical composition of the chemically synthesized PEDOT=PMo 12 hybrid was determined using X-ray energy dispersion analysis (EDAX). It reveals a ratio of nine EDOT rings per PMo 12 3À is reduced to a more negatively charged species (Mo being partially reduced from 6 þ to 5 þ state) upon oxidation of EDOT to PEDOT. However, the reduction of the PMo 12 anion can take place with a simultaneous protonation process that would maintain the overall 3 À charge [16, 17] . This would also be consistent with the 9:1 ratio of EDOT:PMo 12 obtained in the hybrid. When we carried out reaction in air, the reduced PMo 12 anion could be easily reoxidized by molecular oxygen, a process that is known to be facile [17] . In this sense, PMo 12 would be acting as a catalyst in air, which confirms the ability of PMo 12 to oxidize EDOT to PEDOT in the absence of any other reagent. SEM micrographs of the phosphomolybdic acid and of the chemically synthesized temperature from $2.0 to 7.0 S cm À1 between 300 and 400 K. It accounts for the expected thermally activated behavior of the hybrid material having p-type polaronic conductivity [18] .
CONCLUSION
A new highly conducting organo-inorganic electroactive hybrid material has been synthesized. It consists of a Poly(3,4-Ethylene Dioxythiophene) matrix doped with the active inorganic phosphomolybdate anion. Interesting electrochemical properties for this novel type of hybrid functional material could be expected.
